Background: Ascites bacterial burden is associated with poor clinical outcomes in patients with 24 end-stage liver disease. However, the impact of ascitic microbial composition on clinical course 25 was still not clear. In this study, the ascitic microbiota composition of 100 cirrhotic patients with 26 culture-negative and nonneutrocytic ascites were researched. Results: By characterizing the 27 ascitic microbial composition, two distinct microbial clusters were observed, Cluster 1 (86 28 patients) and Cluster 2 (14 patients). Cluster 1 showed lower microbial richness than Cluster 2. 29
Background 45
Bacterial translocation (BT) is increasingly recognized as a key driver in the development of 46 complications in end-stage liver disease (1). BT can cause infections, in particular, spontaneous 47 bacterial peritonitis (SBP). In the absence of overt infection, BT may further stimulate the 48 immune system and contribute to haemodynamic alterations and complications. The accepted 49 pathogenic theory of BT postulates that bacteria escape from the intestinal lumen and reach 50 the mesenteric lymph nodes by crossing the intestinal, subsequently disseminating to the 51 bloodstream and the ascitic fluid (AF). The presence of bacteria in AF has been investigated as a 52 simple way for studying BT in cirrhosis. 53 54 Selective decontamination of the digestive tract (SDD) can prevent bacterial translocation 55 and reduce severe infections and mortality in patients with end stage liver disease (2). SDD 56 prevents secondary bacterial colonization through application of non-absorbable antimicrobial 57 agents in the gastrointestinal tract (3). SDD is a widely evaluated but highly controversial 58 intervention. One of the major concern about SDD is the development of bacterial resistance 59 (4). Besides, SDD targets at both normal bacteria and potential pathogenic bacteria. The use of 60 SDD might disturb the gut microbial balance and cause bad consequences. Hence, the 61 identification of patients with high risk of short-term mortality and infections could provide a 62 rational for selective use of SDD. 63 64 By culture, only a minority of ascitic bacteria can be isolated, even in the presence of overt 65 infection. Using culture-independent techniques, Such et al. reported that bactDNA can be 66 commonly detected in culture-negative and nonnuetrocytic AF (5). It was further confirmed by 67 the same group that the presence of bactDNA in patients with cirrhosis during an ascitic 68 episode is an indicator of poor prognosis, which may related to development of acute-on-69 chronic liver failure at short term (6). Fagan et al. found that ascites bacterial burden and 70 immune cell profile are associated with poor clinical outcomes in the absence of overt infection 71 (7) . 72
73
With more sensitive molecular techniques such as 16S rRNA and shotgun metagenomic 74 pyrosequencing, depth profile of microbial communities in AF have been characterized in small 75 sample sizes recently (8, 9) . Using 16S rRNA gene pyrosequencing, Rogers et al. found that 76 differences in structure and membership of AF microbial communities correlated with severity 77 of liver cirrhosis (8). In their research, propidium monoazide treatment were applied to ascitic 78 samples to characterize only viable bacteria. However, the composition of translocated bacteria, 79 both viable and non-viable, might worth studying. Circulation bacterial fragments are found 80 with pathological significance in patients with inflammatory bowel disease (10), end stage 81 disease (6), and chronic hemodialysis (11). Grade of soluble inflammatory response is mainly 82 affected by plasmatic concentration of bactDNA. And, differences in inflammatory responses 83 were observed between gram negative and gram positive bacterial fragment translocation (12). 84
85
The aim of this prospective study has been to assess the associations between AF microbial 86 composition and clinical outcomes in cirrhotic patients with culture-negative and 87 nonneutrocytic ascites. We applied a combination of 16S rRNA pyrosequencing and enterotype-88 like cluster analysis to identify AF microbial clusters. The resulting AF microbial clusters were 89 correlated with plasma cytokine profiles and clinical outcomes. Greengenes. Enterotype-like clustering was performed in R with package "BiotypeR" on Jensen-129 Shannon distance for the OTU-level relative abundance profile (15). The optimal number of 130 clusters was chosen based on Calinski-Harabasz (CH) values. To determine compositional 131 features that were differentially abundant either between clusters, LEfSe was applied (16). The 132 R package "phyloseq" was used for alpha diversity analysis (17). 133
134
Cytokine and chemokine measurements. The plasma levels of 27 cytokines and chemokines 135
were measured using the Bio-Plex ProTM Human Cytokine Array 27-Plex Group I on a 136
Luminex200TM (Luminex®Multiplexing Instrument, Merck Millipore) following the 137 manufacturers' instructions. Then, we analyzed the raw data using xPONENT 3.1 software 138 (Merck Millipore). We assumed a value of 0.1 pg/mL for statistical purposes in cases in which 139 the concentration was undetectable. 140 141 Statistical analysis. Two-sided student's t-test and Mann-Whitney U-tests was used to 142 determine whether the differences in the alpha-diversity, cytokine and chemokine levels 143 between groups were statistically significant. We used Spearman's rank correlation coefficient 144 analysis to analyze the linear correlation. The Benjamini & Hochberg method was used to 145 control the false discovery rate for multiple testing corrections. The statistical tests and plotting 146 were done in R with package "plyr", "ggplot2". 147 148
Results 149
Clinical characteristics and pyrosequencing data summary. A total of 100 cirrhotic patients 150 were included in this AF microbial profiling study. Of the patients, 56 patients were Hepatitis-B-151 virus related, 15 patients were alcoholic cirrhosis, 3 patients were primary biliary cirrhosis, and 152 other 26 patients were cryptogenic cirrhosis. Of all the patients, a total of 29 patients died in 90 153 days, with a short term mortality of 29%. A total of 1,595,225 high-quality sequences were 154 produced, accounting for 98.1% of valid sequences (average sequence length 419 bp). 155 156 Two clusters identified for ascitic microbiome. The partitioning around medoids method 157 using Jensen-Shannon distance for the OTUs-level relative abundance profile was used to 158 investigate whether AF microbiota can be classified into clusters. The Silhouette index for two 159 clusters was 1.86, which indicates strong support of two clusters. The two clusters were 160 visualized by between class analyze, and showed clear separations (Figure 1a ). Two clusters 161 were confirmed with the highest CH value, as the optimal number of clusters ( Figure 1b plasma cytokine PDGF-BB was found significantly higher in patients of Cluster 1 than in patients 195 of Cluster 2 (12.5±18 vs. 5.2±4.2, p=0.006). Plasma cytokine 196 p=0.015) and IL-17A (9.03±29.72 vs. 0.35±0.77, p=0.019) were also found significantly higher in 197 patients of Cluster 1 than in patients of Cluster 2 (Figure 3) . 198
199
At the OTU level, there were 14 OTUs correlated with plasma cytokines (Figure 4) . The 14 200 OTUs were from six bacterial families, including S24-7 group (6 OTUs), Lachnospiraceae ( 2 201 OTUs), Rikenellaceae (2 OTUs), Veillonellaceae (2 OTUs), Helicobacteraceae (1 OTU), and 202
Prevotellaceae (1 OTU). There were four OTUs closely correlated with multiple cytokines, which 203
were OTU 140 and OTU 271 (S24-7 group), OTU 68 (Veillonellaceae), and OTU 53 204 (Helicobacteraceae). 205 206 Cluster 1 showed higher mortality rate but lower incidence of SBP. Among the 100 patients 207 in the study, a total of 86 patients (86%) were classified as AF Cluster 1, while other 14 patients 208 (14%) fell into AF Cluster 2. All the patients in study were followed up for 90 successive days for 209 occurrence of death and complications. For patients of AF Cluster 1, 29 patients died in 90 days, 210 with a short term mortality of 33.7%. And in patients of AF Cluster 2, no patients died in 90 211 days. The short term mortality was significantly higher in Cluster 1 than in Cluster 2 (p=0.01) 212 (Table 1) . However, the incidence of SBP was found slightly higher in Cluster 2 than in Cluster 1 Bacterial translocation is thought as a major mechanism of complications and mortality in 220 end-stage liver disease. Previous studies have confirmed presence of bacterial DNA in ascites 221 fluid, even in culture-negative and non-neutrocytic ascites. Also, positive associations between 222 ascites bacterial burden and poor clinical outcomes was observed (7). This study demonstrated 223 that not only the quantity of bacteria in AF but also the composition could impact the clinical 224 outcomes of end-stage liver disease. The possible mechanism might be associated with system 225 immune responses and cytokine expressions. 226 227 Based on the microbial composition of AF, the patients could be classified into two clusters. 228
Cluster 1 has high mortality, and Cluster 2 has high prevalence of SBP. The group with higher 229 mortality had more Bacteroidetes and Firmicutes than another group. Our study demonstrated close correlations between S24-7 family and plasma cytokines. 278
Bacteroidales S24-7 family is one of the substantial component of gut microbiota, which has not 279 been successfully cultured. Multiple studies have since reported the altered abundance of S24-280 7 family members in association with different physical conditions. S24-7 is more abundant in 281 diabetes-sensitive mice fed a high-fat diet, in particular when chow is supplemented with gluco-282 oligosaccharides (32). In mouse model of colitis, enrichment of S24-7 was observed following 283 treatment-induced remission of colitis in mice (33). Some members of the S24-7 family are 284 targeted by innate immune system by inducing high-affinity antigen-specific IgA responses and 285 become highly coated with IgA (34). It was proposed that bacterial species highly coated with 286
IgA could stimulate intestinal immunity and drive intestinal disease. 287 288 Using comparative genomics analysis, a subset of S24-7 family was found to have urease 289 encoding genes (35). In the intestine, bacterial urease converts host-derived urea to ammonia 290 and carbon dioxide, contributing to hyper-ammonemia associated neurotoxicity and 291 encephalopathy in patients with liver disease (36). Urease is also a recognized virulence factor 292 in both bacterial and fungal infection (37). The enrichment of urease-positive species in Cluster 293 1, such as S 24-7 family and Lactobacillus, might suggest a possible mechanism of bacterial 294 produced ammonia in progression of end-stage liver disease. 295 296 Bacterial class Gammaproteobacteria was found with significantly higher relative abundance 297 in Cluster 2 than in Cluster 1. The Moraxellaceae and Acinetabacter were responsible for the 298 enrichment of Gammaproteobacteria at the family and genus level, respectively. Acinetobacter 299 species have become increasingly important nosocomial pathogens worldwide and can result in 300 a wide range of infections, including bacteremia, pneumonia, urinary tract infection, peritonitis, 301 among other (38). In end stage liver disease, Acinetobacter spp. is among the major pathogens 302 that responsible for SBP (39). Acinetobacter species infections in liver transplant patients have 303 been researched in several studies. Acinetobacter baumannii and Acinetobacter Iwoffiii were 304 two major pathogenic species isolated (40). Acinetobacter infections after liver transplantation 305 were associated with a high mortality (41). Preoperative MELD scores were more likely to be 306 higher among the non-Acinetobacter baumannii compared with the Acinetobacter baumannii-307 infected group (40) 
